This paper assesses the effectiveness of traded turnover, Amihud (2002) and Liu (2006) metrics in measuring illiquidity, as used in a multifactor CAPM. Size and Liquidity Effects in Japanese regional stock markets
INTRODUCTION
The application of standard asset pricing theory dictates that the cross-section of expected stock returns are related to returns sensitivities to state variables that are themselves linked to investors overall welfare (Pastor and Stambaugh, 2003) . Assets whose lowest returns accompany unfavourable shifts in that welfare must compensate investors for the loss of value while holding the asset. While Fama and French (1993) proposed that variations in size as well as differences between accounting book to market value of stocks across a universe of stocks as state variables there is considerable recent evidence that liquidity is also such a state variable (Liu, 2006; Pastor and Stambaugh, 2003) that must be accounted for in pricing models. The presence of size effects is especially likely within smaller regional stock markets where the majority of listings arise either from occasional listings of larger internationally focussed firms or from indigenous small and medium enterprises (SMEs) that play an active role in the localised regional political economy (Choe, 2007) . This dispersion in types of firm listing is also likely to lead to considerable differences between value and growth stocks generating a book-to-market effect (Fama and French, 1993) . The presence of this in Tokyo stock exchange data is well documented (Chan et al, 1991; Daniel et al, 2001) . Additionally there are also likely to be large differences in liquidity between firms within and between markets (Pastor and Stambaugh, 2003) which has also recently been documented in Tokyo stock exchange data (Chang et al, 2010) . Consequently this empirical study investigates whether size, book to market value and liquidity effects are priced. As such I ask whether differences in cross sectional expected returns can be better explained by fluctuations in aggregate market size and liquidity effects as opposed to size and book to market factors alone.
Liquidity as a concept is very hard to define largely because its representative characteristics transcend a number of transactional properties of markets including tightness, depth, resiliency (Lesmond, 2005) and information (O'Hara, 2003) . The literature has traditionally been limited in only employing constructs capturing only one dimension of a multidimensional phenomenon. This typically centres on variants of the bid-ask spread (quoted or effective) in Amihud and Mendelsen (1986) , the turnover measure of Datar et al. (1998) , or measures relating to the price impact arising from traded volume such as Amihud (2002) and Pastor and Stambaugh (2003) . However there is very little published research concerning measures capturing the trading speed dimension of liquidity, defined as the ability to transact large quantities quickly with little price impact (Liu, 2006; Pastor and Stambaugh, 2003) . Furthermore there are serious concerns over existing one-dimensional constructs ability to fully capture liquidity risk and over their inaccurate estimation of the dimension they are intended to model (Pastor and Stambaugh, 2003; Amihud, 2002) . Equally deficiencies in the application of the bid-ask spread construct have been highlighted in Lee (1993) where evidence reveals that many large trades occur outside the bid-ask spread while many small trades are undertaken within it leading to potential bias. Further concerns over the application of one-dimensional measures focus on their being undefined in the presence of extremes of illiquidity as is a frequent occurrence in smaller regional markets (Lesmond, 2005) . A more recent measure developed in Liu (2006) captures the trading speed dimension of liquidity which is defined as the standardized turnover-adjusted number of zero trading volumes over the past twelve months. It is multi-dimensional in nature, capturing effects relating to trading speed, trading quantity and trading cost, with an emphasis on trading speed, outlined as the continuity of trading and the potential delay in executing an order (Liu, 2006 ). An additional benefit from the use of this measure arises from its measurement robustness in the presence of significant illiquidity (Liu, 2006) as is often present in smaller regional markets although this has only been studied within the context of the developed market of the New York Stock Exchange.
The literature concerning the inclusion of liquidity as a priced state variable within a valuation framework is very recent. Pastor and Stambaugh (2003) find strong evidence from US stock data that market-wide liquidity is a priced state variable and that the liquidity premium should be positive. The study applied the innovations of a price impact measure of liquidity to sort stocks within a universe into decile portfolios with the market aggregate premium being formed in the difference between returns of the highest and lowest liquidity deciles. The explanatory power arising from inclusion of the liquidity factor were studied through the contrast of a four factor capital asset pricing model (CAPM) including market, size, price-to-book value and the new liquidity factor against the Fama and French (1993) three factor model and the CAPM. Stocks with higher sensitivity to aggregate liquidity stocks compensate investors with higher expected returns.
Evidence is also found that small stocks have greater sensitivities to liquidity innovations than large stocks. Pastor and Stambaugh (2003) note that intuitively it could be expected that small and illiquid stocks are those most affected by market aggregate drops in liquidity thereby precipitating investors to "flee" to assets with higher liquidity. However their findings also show that size and liquidity are not the sole determinants of liquidity betas. This finding is reinforced by the argument explaining why stocks with a high liquidity beta are not necessarily illiquid. Investor preferences when there are market aggregate falls in liquidity are also likely to focus on rival bonds markets. In order to increase portfolio holdings in bonds investors may seek to sell liquid stocks in order to save on transactions costs. Consequently in this scenario the price reaction to aggregate liquidity changes is stronger for more liquid stocks. Equally prices of liquid stocks could have greater sensitivity to aggregate liquidity shocks if such stocks are held in greater proportions within the portfolios of liquidity-conscious investors. As such Pastor and Stambaugh (2003) find little basis for liquidity betas to bear a simple relation to stock size and liquidity. Liu (2006) builds on this background in first using a new liquidity construct to estimate stock liquidity and then including this factor within a two factor augmented capital asset pricing model (CAPM). While the additional liquidity factor offers strong performance in explaining the cross section of US stock returns the findings are in contradiction to the earlier findings of Pastor and Stambaugh as the liquidity premium solely subsumes the documented anomalies such as size and the book-to-market effects from Fama and French (1993) .
The literature regarding liquidity in Japanese financial markets is almost exclusively focussed on the Tokyo stock exchange (TSE). Much of this earlier work has a distinctive market microstructure approach and studies the exchange design factors affecting the provision of liquidity, such as the presence of exchange-designated market makers using cross sectional methods (Lehmann and Modest, 1994) and dynamic time series methods (Hamao and Hasbrouck, 1995) .
However extensions have been undertaken to examine the relationship between liquidity and returns with a study of the relationship between weekly short-term stock returns and the previous weeks traded volumes (Bremer and Hiraki, 1999) . More recently an extensive examination of the effects of aggregate liquidity on stock returns across the first and second tiers and mothers board of the TSE is undertaken in Chang et al (2010) . While this uses a range of liquidity constructs, such as the price-impact measure of Amihud (2002) , trading speed metric of Liu (2006) and several volume and price-rigidity measures (relating to number of zero trading days and zero daily returns) the study is limited to assessing the level of association between these measures and control variables through correlations. The focus of the study is on the relationship between these measures, and the returns-based factor they form in each case, and stock returns having taken into account a number of standard control variables between the TSE market segments and at different times of the Japanese business cycle. A shortfall in this research is in the direct contrasting of these measures in explaining the total trading costs, defined as the bid-ask spread plus the trading commission levied by exchange for both buy and sell sides of a trade. Consequently I ask which of these measures best explains total trading costs and use the most robust construct in forming liquidity valuation factor to further assess the relationship between liquidity and stock returns.
The current Japanese system of regional financial markets owes its existence to the postWar 1949 establishment of nine (currently five) regional stock exchanges in major regional centres, although many had originally been formed much earlier to serve the financing needs of powerful localised interests within the distinctive regional political economy (Choe, 2007) . However despite the importance of the local financial markets within Japan's regional economy there is little, if any research focussing on these exchanges. This motivates my focus on the Japanese regional exchanges as well as the TSE while also considering the differences between the largest top bracket of stocks and the overall market which is an obvious source of potential segmentation.
The majority of the valuation literature concerns the implementation of pricing models that assume a time invariant relationship in the systemic (market) risk of an asset. However over the last fifteen years a separate literature concerning the time varying nature of systemic risk has evolved from an increasing concerns of the violation of assumptions inherent in the linear model such as normality, identity and independence of stock returns (Grout and Zalewska, 2006) . Pettengill et al (1995) studied the relationship between risk and return in "up" as opposed to "down" markets while Bekeart and Harvey (1995) undertook a similar study using Markovswitching regressions across a broad sample of emerging markets to examine differences between periods of integration with world market and segmentation. Brooks et al (1998) used time varying techniques based on the Kalman-filter approach and applied to Australian industry portfolios finding that these techniques produced improved in and out of sample performances than other econometric techniques. Grout and Zalewska (2006) find that the use of Kalman filter methods is preferable to Markov-switching regressions owing to their not having to define the exact point of the switch (Grout and Zalewska, 2006) . Instead any changes in the time path of betas can be assessed through the study of regression results which is particularly relevant in the modelling of liquidity effects as these are prone to considerable fluctuation within emerging markets. In the light of this evidence I use time varying techniques employing the Kalman filter framework following Brooks et al (1998) .
In this study I find evidence that the Amihud price-impact and multidimensional trading speed Liu measures outperform the turnover metric in explaining total trading costs across the Japanese regional exchanges. However the Amihud construct appears more robust in explaining total costs in the smaller more illiquid markets such as Sapporo while the Liu measure is preferable in the larger Osaka and Tokyo exchanges. The evidence from time series analysis of returns from portfolios of both top tier stocks and the overall market where a traditional CAPM is contrasted against its augmented counterparts, with size and price-to-book value factors and size and liquidity factors respectively indicate that the latter has a greater impact on explanatory power. This finding transcends all of the Japanese regional market portfolios for top tier stocks as well as the aggregate market. These results add further support in a wider global markets context to the findings of the literature, such as Liu (2006) and Pastor and Stambaugh (2003) , in applications that solely focussed on the US equity market. It also adds credibility to the continued use of the mean-variance paradigm in valuation.
The paper is structured as follows. Section 2 reviews the institutional features of Japanese regional equity markets while section 3 outlines data sources before introducing the liquidity measures and their construction and finally descriptive statistics. Section 4 outlines the two modelling approaches used: the size and liquidity augmented CAPM and its time varying parameter analogue. Section 5 discusses the empirical results. The final section concludes.
JAPANESE REGIONAL MARKETS AND LIQUIDITY MEASUREMENT (i). Japanese securities markets
The current network of regional stock exchanges throughout Japan was formally established in 1949 following the end of the second World War, although many of the newly formed exchanges subsumed older existing regional exchanges that had been in place since the late nineteenth century.
Currently there are five exchanges, Tokyo, Osaka, Nagoya, Fukuoka and Sapporo which have been Shimbun (Nikkei) business journal as well as the TOPIX 100 and 500 which are the capitalization weighted average of stocks taken from first tier of TSE. As would be expected from a large liquid market there is a relatively broad dispersion of capitalization and traded value across the TOPIX500 stocks, although a significant proportion is concentrated in the top 100 stocks, as evident from Table 1 . Table 1 ).
Sapporo
The Sapporo stock exchange (SSE) was established in 1949 with 4 broker-member firms and 17 local listings. Despite the general governance trend in Japan towards the de-mutualisation of exchange the SSE has retained it's original de-mutualised management structure and forms a prominent part of the local financing needs of the distinctive Japanese region of Hokkaido with a current 77 listings, although only 22 are primary listed (SSE website, 2009) . Trading is in line with other Japanese exchanges, with similar hours and operating an electronic continuous auction and in 2000 the SSE established it's own development board, the "Ambitious" market to better accommodate the financing needs of the local Hokkaido business community (SSE website, 2009 ).
In line with the FSE the SSE has a heavily skewed profile with one stock alone accounting for 22.80% of capitalization and 26.13% of traded value. There is even greater concentration in the top 5 stocks with 57.38% capitalization and 67.71% of traded value (see Table 1 ).
(ii). Liquidity constructs The Bid Ask spread and commission cost
The Bid Ask spread and commission cost: The data on the end of month bid and ask quotes were collected from Datastream. The bid-ask spread is calculated using the average of the available monthly quotes and incorporates at a minimum a single month's quote for that month. The average bid-ask spread spanning the quarter is used for the estimate of the spread. This procedure minimizes outlier problems and averages out the recording of either highs or lows in quotes resulting from monthly sampling. Following Lesmond (2005) bid-ask spreads that exceed 80% are trimmed as these are potentially errors. The monthly quoted spread is defined as:
In order to estimate the total trading transaction costs, the costs associated with a round trade are added to the quoted spread for each month. Although there is a sliding scale of exchange fees contingent on traded value, there are no fees on trades less than ¥20 billion (TSE website, 2009 ).
Given the focus of this study is on the smaller regional exchanges where there is less participation of institutional investors and hence smaller size trades I have assumed brokerage and exchange fees to be zero.
Turnover
Daily trading volume data and shares outstanding data was obtained from Datastream. At first glance it is apparent that there is considerable variation in this measure on an intra-market basis.
This reflects the substantial differences in both liquidity and turnover for many of the companies within each market. Any turnover statistics that exceed 100% of the shares outstanding in any month are trimmed from the sample. The shares-outstanding is determined at the start of the year and remains constant for the 12 months thereafter. The daily turnover measure is defined as:
where M D is the number of days in the month, M.
Amihud (2002) measure
Daily price and volume data are sourced from Datastream. The daily security prices are scanned for data errors, omissions and delistings. Following the procedure outlined in Lesmond (2005) the prices are used calculate daily returns. To control for return outliers, a data error filter eliminates daily prices that are +/-50% of the prior day's price and that day's price as well as previous day's price are deleted from sample. Equally if zero volume occurs on day t, then that day is deleted from average. Finally the measure is multiplied by 10 6 as undertaken in Amihud (2002) in order to provide a common representation of measures and facilitate comparison. The Amihud measure is defined as:
Liu ( (4) where x month turnover is the turnover over the prior x months, calculated as the sum of the daily turnover over the prior x months, daily turnover is the ratio of the number of shares traded on a day to the number of shares outstanding at the end of the day, NoTD is the total number of trading days in the market over the prior x months, and Deflator is chosen such that, 
(iii). Data: Sources
Daily stock closing, bid and ask prices, total number of shares outstanding, traded volumes, dividend per share in local currency and converted into UK£ were obtained for all markets from
Datastream. These data formed the basis of calculation of the daily return variance, or volatility, market capitalization, defined as total number of shares outstanding multiplied by daily closing price, and various liquidity constructs. The total returns series for each stock were sourced direct from Datastream for all markets. Exchange rate and UK-Gilt/Treasury yield data are sourced from
Datastream. The one-month UK-Gilt/Treasury Bill yield rate represents the risk free rate although this is adjusted to take account of monthly excess returns as opposed to the quoted equivalent annualised rates. The conversion of the total returns series and prices into sterling and the use of UK -Gilt/Treasury yield rate assumes long term parity between Japanese Yen and sterling. Only stocks with a primary listing on the individual regional market were used. All estimation was undertaken in an international currency, UK£ sterling, to achieve greater international comparability with the literature.
(iv). Data: Summary statistics relating to liquidity measures
The evidence from Table 2 shows that as expected the profiles of the largest top tier stocks are considerably different from the overall aggregate market, although these differences gradually become less pronounced in the smaller regional markets of Nagoya, Fukuoka and Sapporo. The largest stocks exhibit lower bid-ask spreads, with for example 0.0038 in TOPIX 100 as compared to 0.07327 in TOPIX 500 constituents, and a similar movement in daily zero returns, with the top tier stocks having lower levels of inactivity and price-rigidity than the aggregate market, although this is less pronounced in the smaller regional markets to the extent of being reversed in Sapporo which is more a symptom of extremes of illiquidity across it's very low number of listings (22). There is also clear evidence of a size effect in all markets, with the mean cross sectional capitalizations of the large top tier bracket being several orders of magnitude larger than the overall market.
Table 2
An assessment of the correlations between the key variables affecting the bid-ask spread and liquidity is provided in table 3. Given the variables have different measurement scales a nonprobability distribution limited correlation, the Spearman's rank, is used for the measurement of association. In addition to the bid-ask spread and the three liquidity measurement constructs, turnover, Liu and Amihud variables, price, daily price return volatility, traded volume, and market capitalization measures are introduced as control variables in line with those used in the investigations for price of trading immediacy undertaken by Stoll (2000) . The rationale for the inclusion of these variables is based on order processing and inventory considerations of traders, albeit in a study undertaken by Stoll (2000) in the US equity market. Increases in volume and firm size increase the probability of locating a counterparty, thereby mitigating the risk of accepting and holding inventory risk. The stock price volatility, in local currency terms, provides an indication of the risk of adverse price changes of a stock placed on a trader's inventory, while the price measure itself controls for the effect of discreteness and is an additional proxy for risk in that low price stocks tend to be riskier. In this light the Liu metric is significantly, as indicated by correlations of over 50%, negatively correlated with traded volume and turnover across all markets as would be expected given these variables play a significant role in it's construction. Similarly traded volume is positively correlated with the turnover metric, which is intuitive given the role of the former in the construction of he latter, for all markets bar Nagoya where it is only marginally insignificant.
Uniquely traded volume has a large positive correlation with capitalization, or firm size, for only the two smallest and most illiquid markets, namely Fukuoka and Sapporo. This would indicate that investor confidence resides in larger well known stocks in the presence of a lack of diversification opportunities and extremes of illiquidity. Market capitalization, or firm size, is also positively correlated to the Amihud metric for the all markets except the smallest, most illiquid, Sapporo. The correlations in the Sapporo market are unique, largely owing to its very small size and illiquidity.
Correlations between liquidity constructs and other control variables, while in line with those of the other regional markets, are significantly stronger. A prominent example are the correlations between Liu and every other variable and metric except for the Amihud measure which is more an indication that when the little activity there is occurs then it is likely to affect all variables equally rather than being a true measure of illiquidity. Table 3 3.
EMPIRICAL MODELS
This section considers two conditional modelling strategies, namely the three-factor linear CAPM and its time varying parameter counterpart.
(i). Size and Liquidity Augmented CAPM
The standard Fama and French (1993) (7) where the variables are described above and it is an independently identically distributed (iid) disturbance term. Furthermore and following in the spirit of the above Fama and French model I augment the one-factor CAPM with size (SMB) and liquidity (ILLIQ) factors in order to create a size-liquidity three factor model in line with Shum and Tang (2005) and Martinez et al (2005) .
Therefore, the expected excess returns on a portfolio p of emerging market stocks can be written as
In line with the above this can be transformed in order to test historical data into the following equation:
where the variables are described above and it is an independently identically distributed (iid) disturbance term. The model is estimated on a time series basis using standard Ordinary Least Squares (OLS) techniques, as opposed to the Fama and Macbeth (1973) rolling cross section approach, with the expectation that the Jensen alpha, or regression intercept, should not be statistically different from zero given the theoretical relationship between an individual portfolios expected returns and those of the market (Markowitz, 1959) . However Scholes and Williams (1977) provide evidence against the employment of standard OLS techniques with findings that beta estimations are biased downwards for securities infrequently trading and upwards for those traded more often. Dimson (1979) builds on this evidence in the inefficiency of beta estimation in thinly traded stocks and proposes a correction technique based on the aggregation of betas from lagged and leading regression coefficients. Dimson and Marsh (1983) propose a second correction technique which uses a trade-to-trade method measuring and matching returns between individual stocks or portfolios and the market index between the times of the last trades in successive months.
I justify the use of standard OLS techniques here in order to closely follow the literature of Pastor and Stambaugh (2003), Liu (2006) and Martinez (2005) who use these techniques extensively in their studies involving multifactor CAPM models capturing liquidity effects. However the limitations of standard OLS techniques must be taken into account particularly when they are applied to the very small and illiquid markets such as Fukuoka and especially Sapporo.
(ii).
Time varying parameter CAPM model where R it and R Mt are the excess returns of individual portfolio and market portfolios at time t and t is disturbance term. The exact form of the related transition equation depends on the form of stochastic process the betas are assumed to follow and in this case a simple random walk process is imposed as outlined in Brooks et al (2000) . The transition equation is defined: 
RESULTS (i) An assessment of liquidity measures ability in explaining total costs
The regression results are reported in Table 4 for the five Japanese regional markets which are at an overall level with the TOPIX 500 being used for Tokyo. In all cases, except Tokyo, the sign of the market control variables is of the expected direction i.e. negative for price and volume and positive for size and volatility which is in line with theory (Stoll, 2000; Lesmond, 2005) . Tokyo is exceptional where volatility is negative although alongside volume it is not statistically significant.
Similarly in the smaller illiquid regional markets of Nagoya and Sapporo size is negative while also being not statistically different from zero which is a noticeable departure from theory. The explanatory power of the regression models is good with R 2 of over 90% evident for Tokyo and progressively decreasing to 62% for Nagoya and then lower still at over 37% for Osaka, 34% for Sapporo and 30% for Fukuoka. (ii).
Contrasting the liquidity measures: Vuong likelihood ratio test
The maximum likelihood method of Vuong (1989) (see Appendix 1 for description of empirical methods employed) offers a robust alternative to regression-based methods that merely test the level of association between the Stoll market control variables and the various liquidity constructs against the total trading costs with relative strength being assessed on the basis of statistical significance and explanatory power. The tests proposed in Vuong (1989) use a one-sided Zprobability distribution to assess the confidence levels arising from the study of which liquidity measures better explain the data generating process behind the total trading costs.
The evidence from Table 6 presents the descriptive statistics for the nine size -liquidity sorts portfolios and separately the nine size -price-to-book value sorted portfolios, with the latter representing the process involved in obtaining the factors for the Fama and French (1993) valuation model. Generally the mean returns in panels A and B are positive while skewness and kurtosis are minimal indicating that the distribution of returns conforms to a standard Normal distribution which is further reinforced by the very low Jarque-Bera statistics. However there are some discernable differences across the portfolios. Evidence from panel A shows that returns are consistently lower for high illiquidity portfolios than for those of low illiquidity which is matched in reverse by higher standard deviations, or volatility, for the former and lower standard deviation for the latter. This is reversed for the size-to-price to book value sorted portfolios in panel B. Returns are lower for high price-tobook value portfolios than for those with a low ratio and correspondingly standard deviations are lower for high price-to-book value than for low. The dispersion of stocks across portfolios that occurred during the size-liquidity/ price-to-book value sorting process is evident from panel C.
Tokyo stocks are overwhelmingly concentrated in the big size portfolios, spanning across liquidity categories, while those spilling over into the medium size portfolios are largely concentrated in the high illiquidity portfolio (53.82) with far fewer in the low liquidity portfolio (40.81). Osaka stocks are overwhelmingly concentrated in the three small size portfolios with those falling in the medium size portfolio being evenly distributed across liquidity categories, unlike previously in Tokyo.
Similarly Nagoya stocks fall in the three small size portfolios and then a lesser number in the medium size portfolios though with the majority falling in the low illiquidity categories. The very small markets of Fukuoka and Sapporo are quite different. Numbers are much smaller and while they are concentrated in the small and then medium size portfolios in both in Fukuoka these are concentrated in the medium illiquidity category, while in Sapporo they are polarised between high and low illiquidity with none falling in medium illiquidity.
Table 6
The evidence from panel D shows that there is little correlation between the returns-based factors, MARKET, SMB, ILLIQ and PBV. This is in line with theory (Pastor and Stanbaugh, 2003) where zero cost portfolios proxying underlying state variables should have little or no correlation which also mitigates concerns over potential multicollinearity from their inclusion ion regression-based models such as the time series augmented CAPM. However the negative values of mean returns of the SMB, PBV and ILLIQ factors imply the likely presence of reverse size effects from that in Fama and French (1993) where returns steadily decrease as stock size increases.
The descriptive statistics of the portfolios constituting the largest top tier brackets of stocks as well as overall aggregate markets also reveal substantial differences between markets. Mean returns are exclusively negative for all the smaller regional Japanese markets, i.e. Nagoya overall, Fukuoka and Sapporo. However differences in standard deviations are negligible and both skewness and kurtosis statistics indicate that returns distributions conform to a standard Normal distribution. The presence of negative excess returns would question the viability of the smaller exchanges in terms of being able to attract long term institutional investors which would suggest that there is an alternative motivation behind Japan's distinctive regional stock exchanges such as to serve the interests of the local political economy. Table 7 documents the results from the time series regressions of the traditional CAPM and the two sets of three factor augmented CAPM, namely the size -liquidity CAPM and size -price-to-book value CAPM. The evidence would suggest that while there is an increase in explanatory power between the traditional CAPM and it's three factor counterpart there is actually little discernable benefit between the addition of the liquidity or the price-to-book value factors. The Jensen alpha, α p , terms in both the traditional CAPM as well as its three factor counterpart are not statistically different from zero, indicating a good fit with theory (Markowitz, 1959) and also providing evidence of asset market integration and a lack of segmentation across the equity markets in Japan which would be expected from a homogeneous macroeconomic, legal and regulatory environment and payments system. In all cases, bar the small size -medium illiquidity portfolio, the size, liquidity and price-to-book value factors are statistically significant although there is considerable dispersion in the absolute size of the coefficients (betas). Those of the big and small size portfolios are large, demonstrating the importance of size premiums in explaining returns, while those on the big size portfolios within the size -price-to-book value portfolios are negative indicating the presence of a reverse size effect where returns for the largest stocks actually decrease as firm size increases. This behaviour is not expected and is indicative of a reversal of the documented "size effect" that effects the valuation of smaller firms (Martinez et al, 2005) . This is the opposite of what would be expected and does not provide investors with good hedging opportunities. The betas on the high illiquidity/ price-to-book value portfolios across each of the three size categories are positive indicating the presence of a reverse illiquidity effect, where returns actually increase as illiquidity increases and as price-to-book value increases. Thus, as with the results for the smallsize portfolios, a different valuation method would be needed to price very high illiquidity stocks and firms accurately. The estimated coefficients on the illiquidity factor-mimicking portfolios are negative for low and medium-illiquidity portfolios indicating as expected that more liquid firms experience a decrease in expected returns when aggregate market illiquidity increases. In general, the coefficients on the low-illiquidity and medium-illiquidity portfolios are negative, as one would expect, with firms paying lower returns when the illiquidity variable increases. However, the coefficients on the high-illiquidity portfolios are positive indicating that these companies pay higher returns when the illiquidity measure increases. The increased explanatory power of these models illustrates that the size-liquidity augmented CAPM is appropriate for a range of markets although it offers only a marginal improvement over and above the Fama and French (1993) size -price-tobook value counterpart. As a result and in order to achieve brevity at this stage I omit further study of the Fama and French model and focus my study retaining the size -liquidity factors.
(iv). Performance of traditional CAPM against three-factor CAPM

Table 7 (v) Modelling market portfolios
Country and industry portfolios were formed from the simple price-weighted averages of stock returns across stocks aggregated into either industries or countries. The time invariant CAPM, sizeilliquidity and size-price-to-book value augmented CAPM models were applied to the portfolios with results reported in Table 8 .
Average Returns in Tokyo
The results for the top tier TOPIX100 and overall TOPIX500 index constituents indicate a good fir with theory given all Jensen alpha terms are not statistically significant, size betas are positive, large and statistically significant and liquidity betas are negative while statistically significant.
However while both size and liquidity factors are significant and lead to increased explanatory power in TOPIX100 portfolio the addition of the size term in the TOPIX500 portfolio causes the Jensen alpha to become statistically significant despite the increase in R 2 , indicating a lack of fit with prevailing theory and that these stocks are segmented from the market universe. A two factor model, including only the liquidity factor, is preferable in explaining returns for TOPIX500 firms, where explanatory power is increased but the Jensen alpha remains insignificant.
Table 8
Average
Returns in Osaka
The results for the Osaka Top 50 stocks portfolio indicate that the Jensen alpha is statistically significant for all models inferring low levels of integration with the Japanese market universe.
However the size betas are negative and significant inferring the presence of a reverse size effect where returns decrease as firm size increases. The liquidity betas are negative but also not significant and their addition does not cause any increase in explanatory power inferring that the top stocks alone can be modelled using a two factor model including size premiums. In contrast the results for the overall Osaka market indicate that Jensen alphas are not significant for any of the models while the addition of both the size and liquidity betas cause increases in explanatory power and are relevant in explaining returns.
Average Returns in Nagoya
The inclusion of either the size or liquidity factor alone causes the explanatory power of the model to increase for the portfolio of the top 20 stocks in Nagoya, although the latter has the greatest increase resulting in an R 2 of 82.66%. Contrastingly the addition of both size and liquidity factors leads to the highest explanatory power, with an R 2 of 92.30%, for the overall Nagoya market. In both the top tier stocks and overall market size betas are negative, indicating a decrease in returns as firm size increases, and liquidity betas are both large and positive indicating a large liquidity effect where returns increase alongside illiquidity. This is evidence of the limitations of the CAPM methodology when applied to smaller and more illiquid markets such as Nagoya.
Average Returns in Fukuoka and Sapporo
The evidence would suggest that returns in Fukuoka, one of the two smallest regional markets, are largely driven by a large, positive and significant liquidity premium, given that in both the top 10 portfolio and in the overall market the addition of the liquidity factor alone leads to the highest R 2 (49.79% for top 10 and 68.59% for overall). The Jensen alpha term of all models is not statistically significant indicating a lack of segmentation with the Japanese market universe which is in line with theory.
Average Returns in Sapporo
The results for Sapporo are similar to Fukuoka and Nagoya. Both size and liquidity betas are significant and lead to an increase in explanatory power. However while the addition of the liquidity factor alone in the top 5 stocks portfolio leads to an R 2 of 35.41% the combination of size and liquidity factors in the overall market causes an R 2 of 57.52%. In line to both Fukuoka and Nagoya liquidity betas are large and positive and size betas are negative questioning the validity of the CAPM in such small markets.
(iv) Modelling industry portfolios with time varying techniques
The time varying coefficient model based on the augmented CAPM was only estimated including market, size and illiquidity factors. There is contrast between the evidence in Table 9 and from the previous section with a notable failure to achieve maximum likelihood convergence for the overall Nagoya market. Equally the time series means of liquidity betas are generally negative, as would be expected inferring that increases in aggregate illiquidity lead to decreases in returns. However with the exception of Tokyo's TOPIX100 and Sapporo's Top 5 size betas are negative and in line with the evidence from previous section. These results would provide some support that illiquidity factor does have an important role in valuation using this time varying methodology.
Table 9
Figures 1 to 3 provide time series plots of the evolution of the liquidity betas across the overall market portfolios for those markets where maximum likelihood convergence was achieved using unaffected with no discernable change in it's long term trend. This would infer that as investor confidence in assets perceived to be more risky and illiquid decreased worldwide liquidity was lost from smaller exchanges to larger deeper markets.
Figures 1 -3 (iv) Costs of equity estimation
The evidence from Table 10 reveals that costs of equity are lowest in the top bracket of stocks across all markets, as would be expected. However the time invariant regression methods indicate that the smallest markets of Sapporo and Fukuoka have the highest costs of equity while the larger more liquid markets of Tokyo and Osaka have the lowest. While this progression in costs of equity is generally followed for the time varying method in the top stocks bracket, it is somewhat reversed in the overall markets with Fukuoka, Tokyo TOPIX500 and Sapporo having the lowest values (7.21%, 7.53% and 8.00% respectively) and Osaka the highest (10.23%).
Table 10
CONCLUSIONS
This study proposes a size and liquidity augmented capital asset pricing model to explain the cross section of expected returns in Japanese regional stock markets, an area which has previously been excluded from empirical research in finance. The major international exchanges of Tokyo and Osaka are used alongside the much smaller Nagoya, Fukuoka and Sapporo markets that play a very prominent role in the financing needs of Japan's powerful localised political economy.
The performance of the size and liquidity augmented three factor CAPM is contrasted with the size and price-to-book value three factor model proposed in Fama and French (1993) Vuong (1989) likelihood ratio test for non-nested model selection for each market. The models compared are based on the regressions of the bid-ask spread and Amihud measure, defined in Amihud (2002) , Turnover, defined as a ratio of the traded volume of shares in relation to total number of shares outstanding and is scaled by the number of trading days in the month of measurement, Liu measure of liquidity, of Liu (2006) representing a standardized turnover-adjusted number of zero returns over the prior month. Natural logarithms are taken of Traded Volume, price, and market capitalisation variables which in addition to the volatility measure, defined as monthly average of daily stock returns, represent the underlying set of explanatory variables in Stoll (2000) . A Z-statistic, using a one sided probability, is the basis of determining if the Amihud estimate or Turnover (the reference model) is better at explaining the true bid-ask spread data generating process than alternative liquidity proxies, or the comparison models tested either singularly or as a group. The group contains all the competing liquidity measures excluding the reference estimate.
A positive and significant Z-statistic indicates that the comparison models are rejected in favour of the reference model. (2) One month T-bill risk free rate for month t, which is taken as the one month UK Gilt rate in this case 
Appendix 1. Vuong likelihood ratio test
Following Lesmond (2005) a likelihood ratio test is used that was originally proposed by Vuong (1989) . This is specific for non-nested model selection in testing whether a reference model and comparison model do equally well at explaining the underlying data. The reference model is either the Amihud measure (Amihud 2002) or alternatively the Turnover measure, which is a measure of trading frequency, and the comparison models are the remaining liquidity measures, i.e. Liu derived from Liu (2006) and the liquidity determinants of Stoll (2000) . Each of the comparison models are tested independently against the reference Amihud or Turnover measure with each individual regression stated as:
Reference Model: S + C j = θ 0 + θ 1 (reference liquidity measure j ) + ε j ,
Comparison Model 1: S + C j = γ 0 + γ 1 other liquidity measure(s) j + ε j , and
Comparison Model 2: S + C j = γ 0 + γ 1 price j + γ 2 volume j + γ 3 σ j 2 + γ 4 size j + ε j ,
where S + C j refers to the average, proportional bid ask spread plus commission cost for each firm-month j within each country. The comparison liquidity measures are those of Liu (2006) .
Price is the average annual daily stock price in local currency, and volume is the average annual daily trading volume. σ j 2 is the daily average volatility. Size is the monthly market capitalization and is defined as the share price times the number of shares outstanding. Share price is measured at the beginning of each month, while number of shares outstanding is measured at the beginning of the year.
The basis of the test is a likelihood ratio of the log likelihood function for the reference model to the log likelihood function for the comparison model. Using R to represent the reference model and C to represent the comparison model:
Where LR n is the likelihood ratio function for n firm-month observations in each country. Z i is a vector of m independent standard normal variables, n is the maximum likelihood parameter estimates for the reference model, and n is the maximum likelihood parameter estimates for the comparison model. The variance of the likelihood function is given by A one-sided Z-statistic tests whether either of the reference models, in this case being either the Amihud or Turnover measure, is more highly associated with the underlying S + C cost than the comparison model(s). The test is directional, given by a positive or negative Zstatistic, indicating which model is more highly associated with the underlying S + C cost. A positive and significant Z-statistic indicates that the reference measure is more highly associated with the underlying S + C cost than the comparison measure(s). A negative and significant Z-statistic indicates the comparison measure is more highly associated with the underlying S + C cost.
Alternatively, the Z-statistic can be obtained from a linear regression if the log ratio is defined at every month j as . This procedure involving the running of two subsequent sets of regressions is employed in this paper.
